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A phase change memory with a very limited area of 
contact between the lower 

electrode and the phase change material may be formed by 
defining a closed 

geometric structure for the lower electrode. The lower 
electrode may then be 

covered. The covering may then be opened in a very narrow 
strip extending 

across the closed geometric shape using phase shift 
masking. A phase change 

material may be formed in the opening. Because the opening 
effectively bisects 

the closed geometric structure of the lower electrode, two 
very small contact 

areas may be created for contacting the lower electrode to 

the phase change 

material. 

Phase change material memory device 

This invention relates generally to electronic memories 
and particularly to 

electronic memories that use phase change material. 

Phase change materials may exhibit at least two 
different states. The 

states may be called the amorphous and crystalline states. 
Transitions between 

these states may be selectively initiated. The states may 
be distinguished 

because the amorphous state generally exhibits higher 
resistivity than the 

crystalline state. The amorphous state involves a more 
disordered atomic 

structure. Generally any phase change material may be 
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utilized. In some 

embodiments, however, thin-film chalcogenide alloy 
materials may be 
particularly suitable. 

The phase change may be induced reversibly. Therefore, 
the memory may 

change from the amorphous to the crystalline state and may 
revert back to the 

amorphous state thereafter, or vice versa, in response to 
temperature changes. 

In effect, each memory cell may be thought of as a 
programmable resistor, which 

reversibly changes between higher and lower resistance 
states. The phase 

change may be induced by resistive heating. 

A variety of phase change alloys are known. Generally, 
chalcogenide alloys 

contain one or more elements from Column VI of the periodic 
table. One 

particularly suitable group of alloys is the GeSbTe alloys. 

A phase change material may be formed within a passage 
or pore through an 

insulator. The phase change material may be coupled to 
upper and lower 

electrodes on either end of the pore. 

Ideally, the area of contact between the lower electrode 
and phase change 

material should be made as small as possible. This is 
because the resistance 

is a function of the contact area. Generally, the smaller 
the contact area, 

the higher the resistance. Higher resistance means more 
effective heating for 

this same electrical current. Ideally, the minimum amount 
of electrical 

current is supplied to each device to make the memory as 
power conserving as 
possible . 

Thus, there is a need for better ways to reduce the 
effective size of the 

lower electrode in phase change memories. 
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Referring to FIG. 1, a phase change memory cell 10 may 
be formed on the 

substrate 12 that, in one embodiment, may be a silicon 
substrate. A buried 

conductive layer 13 may be formed in a substrate 12. In 
one embodiment, the 

buried conductive layer 13 may act as a row or column of a 
memory array. 

A phase change material 20 may contact the upper edges 
of the sides 16a of 

the lower electrode 16. An upper electrode 22 may be 
defined over the phase 

change material 20. A portion of the upper electrode 22 
and the phase change 

material 20 may rest over a glue layer including a 
conductive material 28 and 

an insulator 26. The conductive material 28 may be 
polysilicon and the 

insulator 26 may be an oxide in one embodiment of the 
present invention . 

Thus, referring to FIG. 2, the upper electrode 22 may be 
defined over a 

region covered by the conductive layer 28 that may act as 
part of a glue layer 

to adhere the phase change material 20. The lower 
electrode 22 and the phase 

change material 20 extend from an upper plateau defined by 
the glue layer, 

downwardly through an opening 30 in the glue layer to make 
direct electrical 

contact with the lower electrode 16. In this case, the 
lower electrode 16 may 

be can-shaped, defining a closed geometrical edge, only a 
small portion of 

which makes electrical contact with the phase change 

material 20. 

As shown in FIG. 6, an insulator layer 26, such as an 
oxide layer, may be 

defined over the resulting structure shown in FIG. 5. 
Thereafter, a glue layer 

28 may be formed to improve the adhesion between a phase 
change material (yet 

to be formed) and the rest of the structure. In one 
embodiment, the layer 28 
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may be polysilicon. 


As a result, only a very small region 16c (which may be 
square) of the 

electrode 16 is exposed through the opening 30. One of the 
exposed regions 16c 

forms a very small electrical contact to the phase change 
material as will be 
explained next. 

Referring to FIG. 9, a phase change material 20, such as 
a chalcogenide, may 

be formed over the resulting structure. Next, a conductive 
material may be 

formed over the entire structure to eventually form the 
upper electrode 22. 

Then, the phase change material 20 and the upper electrode 
22 may be masked and 

etched to form the structure shown in FIGS. 1 and 2. 

It may be appreciated that a very small contact 16c may 
be defined in this 

way. In fact, the size of the region 16c may be smaller 
than the minimum 

feature size available with lithographic techniques. This 
may greatly increase 

the resistance of the resulting contact and may improve the 
performance of the 

phase change memory in some embodiments. 

1. A phase change memory comprising: an electrode on 
said substrate, said 

electrode having a substantially planer surface with a 
closed geometric shape; 

a layer covering substantially all of the closed geometric 
shape with the 

exception of an exposed portion; and a phase change 

material contacting said 
exposed portion. 

8. The memory of claim 1 wherein said layer includes an 
adhesion promoting 
layer . 

10. The memory of claim 9 including an opening through 
said adhesion 

promoting layer and said insulator to form said exposed 
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portion . 

11. A memory comprising: an electrode having a length; 
a layer over said 

electrode; an opening through said layer to expose only a 
portion of said 

electrode, said opening extending .across the length of said 
electrode generally 

transverse to the length of said electrode; and a phase 
change material over 

said layer and extending through said opening to contact 
said electrode. 

15. The memory of claim 11 wherein said layer includes 
an adhesion 

promoting material. 

16. The memory of claim 15 wherein said layer includes 
an insulating 

material under said adhesion promoting material. 
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